Introduction
============

Colorectal cancer (CRC) is a common digestive system malignancy and a major cause of cancer-related mortality worldwide ([@b1-or-44-04-1574]). CRC is a fatal disease that is responsible for more than 600,000 deaths each year ([@b2-or-44-04-1574]). Lifestyle and dietary factors contribute to the increasing incidence of CRC each year ([@b3-or-44-04-1574]). In the past decades, combined therapies for CRC have improved treatment efficacy. These therapies primarily includes surgical resection, chemotherapy and radiotherapy, but none have proven to be optimal due to the fact that the majority of patients with CRC are often diagnosed at an advanced stage ([@b4-or-44-04-1574],[@b5-or-44-04-1574]). Notably, the primary reason for poor prognosis in patients with advanced CRC is tumor metastasis and recurrence ([@b6-or-44-04-1574]). Thus, elucidating the molecular mechanisms underlying the progression of CRC may reveal potential prognostic biomarkers and novel treatment strategies for CRC.

Long non-coding RNAs (lncRNAs) are a class of non-protein coding transcripts that are \>200 nucleotides in length. It has been well reported that lncRNAs play significant roles in cancer biology, including proliferation, invasion, apoptosis and metastasis ([@b7-or-44-04-1574],[@b8-or-44-04-1574]). Aberrant expression of lncRNAs has been observed in the occurrence and development of a variety of cancers, suggesting that they may serve as powerful mediators in carcinogenesis ([@b9-or-44-04-1574]--[@b11-or-44-04-1574]). Over the past few decades, researchers have focused on investigating the function of lncRNAs in the pathogenesis of CRC ([@b12-or-44-04-1574],[@b13-or-44-04-1574]). LINC00958 is a newly discovered lncRNA, which was identified in recent years ([@b14-or-44-04-1574]). The abnormally high expression of LINC00958 has been demonstrated in patients with gastric cancer, and was found to be associated with metastasis and unfavorable prognosis ([@b15-or-44-04-1574]). Additionally, evidence indicates that LINC00958 accelerates the progression of oral squamous cell carcinoma and pancreatic cancer by acting as a microRNA (miR/miRNA) sponge ([@b16-or-44-04-1574],[@b17-or-44-04-1574]). However, to the best of our knowledge, the function of LINC00958 in CRC has not yet been studied, which has peaked our interest.

In the present study, the expression of LINC00958 was detected in several CRC cell lines. Subsequently, the effects of LINC00958 on proliferation, invasion, migration and apoptosis of CRC cells, as well as its underlying mechanisms were investigated. It is hoped that this study provides the theoretical basis for a novel therapeutic strategy for the treatment of CRC.

Materials and methods
=====================

### Cell culture

The colon cancer cell lines (GEO, SNU-C1, COLO205, HCT-116 and SW480), colorectal cancer cell line (HT-29) and normal colorectal epithelial cell line (NCM460) used in this study were purchased from The Cell Bank of Type Culture Collection of the Chinese Academy of Sciences and the cell lines were authenticated using STR profiles. Cell lines were maintained in Dulbecco\'s modified Eagle medium (DMEM; Gibco; Thermo Fisher Scientific, Inc.) with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) in incubators containing 5% CO~2~ at 37°C.

### Cell transfection

SW480 cells were seeded in a 24-well plate. When cell confluence reached 60%, 20 nM of short hairpin RNA (shRNA) targeted against LINC00958 (shRNA-LINC00958-1 or shRNA-LINC00958-2) or scramble shRNA (negative control for LINC00958 shRNA, shRNA-NC), 40 nM of miR-3619-5p mimic, miR-3619-5p inhibitor or miRNA negative control (miR-NC) were transfected into SW480 cells using Lipofectamine^®^ 3000 (Invitrogen; Thermo Fisher Scientific, Inc.), following the manufacturer\'s instructions. The above oligonucleotides were purchased from Shanghai GenePharma Co., Ltd. SW480 cells were seeded in a 24-well plate. SW480 cells without transfection served as the control group. At 48 h post-transfection, cells were harvested and successful transfection was detected using reverse transcription-quantitative polymerase chain reaction (RT-qPCR).

### Cell Counting Kit-8 (CCK-8) assay

Cells were grown in 96-well plates and viability was evaluated using a CCK-8 reagent (Sigma-Aldrich; Merck KGaA), according to the manufacturer\'s protocol when 80% confluency was reached. After transfection for 24, 48 and 72 h, 10 µl CCK-8 solution was added to each well, then the optical density was measured at 450 nm using a microplate reader.

### EdU (5-ethynyl-20-deoxyuridine) incorporation assay

The proliferation of SW480 cells was detected using an EdU assay kit (Ribobio, China) in accordance with the manufacturer\'s guidelines. Briefly, cells were incubated with 10 µM EdU and subsequently fixed in 4% paraformaldehyde. After EdU staining, cell nuclei were stained with 4′,6-diamidino-2-phenylindole (DAPI). The images of EDU-positive cells were observed and captured randomly in five fields under a confocal fluorescence microscope (magnification, ×100; Nikon, Tokyo, Japan).

### Transwell assay

A Transwell assay was used to determine the invasive activity of SW480 cells. Briefly, 200 µl serum-free DMEM containing 5×10^4^ cells were plated into the apical chamber, which consisted of 8-µm pore inserts coated with Matrigel (BD Biosciences) in culture plates. DMEM supplemented with 10% FBS as a chemotactic factor was added in the basolateral chambers. Then, 4% polyformaldehyde was used to fix cells and 0.1% crystal violet was employed to stain cells. Finally, the number of invasive cells were counted and images were captured by a light microscope (Olympus Corporation) at ×200 magnification.

### Scratch wound healing assay

SW480 cells were seeded into 6-well plates (6×10^5^ cells per well) for adherent culture. When cells reached 80% confluence, a thin wound was created on the cell monolayer using a 10-µl sterile pipette tip. The detached cells were washed off twice, and the medium was replaced with DMEM containing 1% FBS. Subsequently, the migration of cells was observed and images were acquired at 0 and 24 h after wounding using a phase contrast microscope (magnification, ×100; IX711; Olympus Corporation). The relative wound healing closure was calculated.

### Cell apoptosis assay

SW480 cells were seeded into 6-well plates (6×10^5^ per well). Then, each group of cells was treated as needed. Following this, cells were double stained with Annexin V and propidium iodide (PI) using the Annexin V-FITC Apoptosis Detection kit (Vazyme Biotech Co., Ltd.) in accordance with the manufacturer\'s instructions. The activity of Annexin V/PI was then examined using flow cytometry (BD Biosciences) and quantified by Flow Jo software (version 7.6.1; FlowJo LLC).

### RT-qPCR

Cells were subjected to total RNA extraction using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.). The total RNA (2 µg) was then reverse transcribed into cDNA using a Reverse Transcription kit (Beijing Transgen Biotech Co., Ltd.), according to the manufacturer\'s protocols. qPCR was performed using iTaq™ Universal SYBR^®^ Green Supermix (Bio-Rad Laboratories, Inc.) on an ABI 7500 instrument (Applied Biosystems; Thermo Fisher Scientific, Inc.). Relative expression of the target gene was normalized against U6 and GAPDH and calculated based on the 2^−ΔΔCq^ method ([@b18-or-44-04-1574]).

### Western blot analysis

Total protein was isolated from SW480 cells using a protein lysis buffer (RIPA; Beyotime Institute of Biotechnology), followed by quantification of protein concentration using a bicinchoninic acid protein assay kit (Beyotime Institute of Biotechnology). Protein samples (40 µg/lane) were loaded on a 10% gel, resolved via SDS-PAGE, and then subsequently transferred to a PVDF membrane (EMD Millipore). After blocking with skimmed milk, these membranes were incubated with primary antibodies overnight at 4°C. Subsequently, these blots were probed with horseradish peroxidase-conjugated secondary antibodies (Santa Cruz Biotechnology, Inc.). Finally, the immunoreactive bands were visualized using the Odyssey Infrared Imaging System (LI-COR Biosciences). Anti-Bcl-2 (1:1,000 dilution; cat. no. 3498T), anti-Bax (1:1,000 dilution; cat. no. 5023T), anti-caspase-3 (1:1,000 dilution; cat. no. 14220T) anti-glyceraldehyde 3-phosphate dehydrogenase (GAPDH; 1:1,000; cat. no. 5174T) antibodies were the products of Cell Signaling Technology, Inc. GAPDH was used as an internal control. The intensity of the bands was quantified using ImageJ software (version 1.52r; National Institutes of Health).

### Luciferase reporter assay

The potential miRNAs which may have binding sites with LINC00958 were predicted using the bioinformatics tool StarBase version 3.0 (<http://starbase.sysu.edu.cn/>) ([@b19-or-44-04-1574]). Wild-type and mutant reporter plasmids of LINC00958 (WT-LINC00958 and MUT-LINC00958), which contained miR-3619-5p mimic or miR-NC binding sites, were synthesized by Shanghai GenePharma Co., Ltd. (cat. no. H00001). 293T cells were seeded in 24-well plates and cultured at 37°C until they reached 70% confluence. To perform the luciferase reporter assay, cells were first co-transfected with LINC00958 3′-UTR-WT or LINC00958 3′-UTR-MUT and miR-3619-5p mimic or miR-NC using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.), following which luciferase activity was detected using a Dual-Luciferase^®^ Reporter Assay System (Promega Corp.) 48 h after transfection. *Renilla* luciferase activity was used as control.

### Statistical analysis

Each experiment was repeated in triplicate and data are presented as the mean ± standard deviation. Data were analyzed using GraphPad Prism version 6.0 (GraphPad Software, Inc.). Comparisons between groups were performed using a two-tailed Student\'s t-test, whereas multiple comparisons were analyzed with one-way ANOVA followed by a post hoc Tukey\'s test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### LINC00958 is highly expressed in CRC cell lines

To investigate the role of LINC00958 in CRC, the expression of LINC00958 was detected using RT-qPCR in several human CRC cell lines (GEO, SNU-C1, COLO205, HCT-116, HT-29 and SW480) and one normal colorectal epithelial cell line (NCM460). As presented in [Fig. 1A](#f1-or-44-04-1574){ref-type="fig"}, LINC00958 expression was notably upregulated in CRC cell lines compared with that noted in the NCM460 cells, and the expression of LINC00958 was the highest in the SW480 cells. Therefore, SW480 cells were used to perform the following experiments.

### LINC00958 silencing inhibits the proliferation, invasion and migration of CRC cells

To explore the effects of LINC00958 in regards to the functions of SW480 cells, shRNA-LINC00958-1 or shRNA-LINC00958-2 was transfected into the cells. As shown in [Fig. 1B](#f1-or-44-04-1574){ref-type="fig"}, the expression of LINC00958 was notably decreased after transfection compared with the shRNA-NC group. shRNA-LINC00958-1 was used to perform the following experiments. A CCK-8 assay was employed to measure the proliferation of SW-480 cells. As exhibited in [Fig. 2A and B](#f2-or-44-04-1574){ref-type="fig"}, LINC00958 silencing significantly suppressed the proliferative ability of SW-480 cells compared with the shRNA-NC group. In addition, Transwell and wound healing assays were performed to evaluate the effects of LINC00958 on the invasion and migration of CRC cells, respectively. As demonstrated in [Fig. 3A and B](#f3-or-44-04-1574){ref-type="fig"}, the invasive ability of SW480 cells was significantly decreased relative to the shRNA-NC group following transfection with shRNA-LINC00958-1. Concurrently, notable inhibition of SW480 cell migration was found in the shRNA-LINC00958-1 group compared with the shRNA-NC group ([Fig. 3C and D](#f3-or-44-04-1574){ref-type="fig"}). These findings indicated that LINC00958 silencing suppressed the proliferation, invasion and migration of CRC cells.

### LINC00958 silencing promotes the apoptosis of CRC cells

Flow cytometry was performed to examine the effects of LINC00958-1 transfection on the apoptosis of SW480 cells. As presented in [Fig. 4A and B](#f4-or-44-04-1574){ref-type="fig"}, silencing of LINC00958 notably elevated the rate of cell apoptosis in the SW480 cells compared with the shRNA-NC group. Subsequently, the expression levels of apoptosis-related proteins were measured using western blotting. As shown in [Fig. 4C](#f4-or-44-04-1574){ref-type="fig"}, the expression of Bcl-2 was significantly reduced after transfection with shRNA-LINC00958-1, which was accompanied by a significant increase in Bax and caspase-3 expression. These results indicate that downregulation of LINC00958 promoted the apoptosis of CRC cells.

### LINC00958 is identified as a potential target of miR-3619-5p

To explore the underlying regulatory mechanisms of LINC00958 in CRC, StarBase bioinformatics database (<http://starbase.sysu.edu.cn/>) was used to predict the potential miRNAs which may have binding sites with LINC00958. The binding site of miR-3619-5p on LINC00958 was predicted by StarBase ([Fig. 5A](#f5-or-44-04-1574){ref-type="fig"}). The location of binding site on LINC00958 is chr11:13011075-13011081\[-\]. Then, a dual luciferase assay was adopted to verify the target relationship between LINC00958 and miR-3619-5p. As presented in [Fig. 5B](#f5-or-44-04-1574){ref-type="fig"}, the luciferase intensity was significantly decreased after co-transfection with a miR-3619-5p mimic and LINC00958-WT. These observations revealed that LINC00958 is a potential direct target of miR-3619-5p.

### miR-3619-5p inhibitor reverses the inhibitory effects of LINC00958 silencing on proliferation, invasion and migration of CRC cells

The expression of miR-3619-5p was assessed in several cell lines using RT-qPCR. As shown in [Fig. 5C](#f5-or-44-04-1574){ref-type="fig"}, significantly reduced expression of miR-3619-5p was observed in the CRC cell lines, especially in SW480 cells. Subsequently, the level of this miRNA was detected in SW480 cells following transfection with shRNA-LINC00958-1. It was found that the expression of miR-3619-5p was notably upregulated following LINC00958 silencing ([Fig. 5D](#f5-or-44-04-1574){ref-type="fig"}). Then, a miR-3619-5p inhibitor was transfected into SW480 cells and successful transfection is presented in [Fig. 6A](#f6-or-44-04-1574){ref-type="fig"}. In addition, the proliferation of SW480 cells was measured using a CCK-8 assay. As exhibited in [Fig. 6B and C](#f6-or-44-04-1574){ref-type="fig"}, miR-3619-5p inhibitor reversed the effects of LINC00958 silencing on cell viability in SW480 cells. Moreover, the changes in invasive ([Fig. 7A and B](#f7-or-44-04-1574){ref-type="fig"}) and migratory activity ([Fig. 7C and D](#f7-or-44-04-1574){ref-type="fig"}) were consistent with the results of the proliferation assay. These data indicated that the miR-3619-5p inhibitor attenuated the inhibitory effects of LINC00958 silencing on proliferation, invasion and migration of CRC cells.

### miR-3619-5p inhibitor reverses the effects of LINC00958 silencing on the apoptosis of CRC cells

To confirm the regulatory effects of miR-3619-5p on the apoptosis of CRC cells, flow cytometry was performed. As presented in [Fig. 8A and B](#f8-or-44-04-1574){ref-type="fig"}, transfection with a miR-3619-5p inhibitor decreased the number of apoptotic SW480 cells compared with LINC00958 silencing alone. Meanwhile, the expression of apoptosis-related proteins was evaluated using western blot analysis. As shown in [Fig. 8C](#f8-or-44-04-1574){ref-type="fig"}, co-transfection with miR-3619-5p inhibitor and shRNA-LINC00958-1 notably enhanced the expression of Bcl-2, whereas the expression of Bax and casapase-3 was reduced in SW480 cells compared with shRNA-LINC00958-1 transfection alone. Taken together, the results indicated that the miR-3619-5p inhibitor reversed the effects of LINC00958 silencing on the apoptosis of CRC cells.

Discussion
==========

Accumulating evidence has demonstrated that lncRNAs are abnormally expressed in colorectal cancer (CRC) and are involved in its progression ([@b20-or-44-04-1574],[@b21-or-44-04-1574]). The present study aimed to investigate the roles of LINC00958 and miR-3619-5p in the proliferation, invasion and migration of CRC cells. The results demonstrated that LINC00958 was highly expressed in CRC cells and downregulation of LINC00958 inhibited CRC cell proliferation, invasion and migration by targeting miR-3619-5p.

An increasing amount of evidence suggests that dysregulation of lncRNAs are closely implicated in the pathogenesis, development and metastasis of CRC ([@b22-or-44-04-1574],[@b23-or-44-04-1574]). Emerging evidence confirms that LINC00958 expression is notably overexpressed in cervical cancer cells, and LINC00958 contributes to the proliferation and metastasis of cervical cancer cells ([@b24-or-44-04-1574]). In support, a previous study highlighted the importance of LINC00958 in the occurrence of glioma ([@b25-or-44-04-1574]). Notably, accumulating evidence has demonstrated that CRC-related lncRNAs regulate the progression of CRC by inhibiting or promoting proliferation, invasion, apoptosis and metastasis of CRC cells ([@b26-or-44-04-1574],[@b27-or-44-04-1574]). For example, lncRNA PCAT-1 can modulate cell proliferation, invasion, migration and apoptosis in CRC by targeting miR-149-5p ([@b28-or-44-04-1574]). Downregulation of XLOC-010588 reduces CRC cell invasion and migration ([@b29-or-44-04-1574]). In the present study, the expression of LINC00958 was markedly upregulated in CRC cells. Silencing of LINC00958 inhibited proliferation, invasion and migration, and promoted apoptosis of CRC cells. These findings demonstrated that LINC00958 silencing may suppress the progression of CRC.

lncRNAs act as competing endogenous (ce)RNAs to regulate the activity of miRNAs, which is an important mechanism in the regulation of tumor development ([@b30-or-44-04-1574],[@b31-or-44-04-1574]). In the present study, the StarBase bioinformatics database predicted that LINC00958 is a potentially direct target of miR-3619-5p, which was verified by a luciferase reporter assay. miR-3619-5p was found to act as a tumor-suppressor gene, which can prevent proliferation and cisplatin resistance of skin squamous cell carcinoma cell via regulating the expression of KPNA4 ([@b32-or-44-04-1574]). Moreover, a previous study reported that miR-3619-5p has the ability to inhibit the growth of prostate cancer cells ([@b33-or-44-04-1574]). Compelling evidence indicates that miR-3619-5p could suppress β-catenin-mediated cancer growth and invasion in non-small cell lung cancer cells ([@b34-or-44-04-1574]). In support of these findings, decreased miR-3619-5p expression has been detected in retinoblastoma cells, and transfection with miR-3619-5p mimic can improve the progression of retinoblastoma ([@b35-or-44-04-1574]). In the present study, miR-3619-5p inhibitor reversed the effects of LINC00958 silencing on proliferation, invasion, migration and apoptosis of CRC cells. Thus, the results of the present study demonstrated that the downregulation of LINC00958 can suppress the progression of CRC cells by targeting miR-3619-5p.

In summary, to the best of our knowledge, the present study demonstrated for the first time that downregulation of LINC00958 suppresses CRC cell proliferation, invasion and migration, and promotes apoptosis by targeting miR-3619-5p, suggesting a potential novel biomarker and target for the diagnosis and treatment of CRC. However, the lack of studies of LINC00958 in tumor tissue from CRC patients, the absence of experiments concerning the miR-3619-5p effect on endogenous LINC00958, the characteristics of SW480 cells and how this could impact the extrapolation of our data to *in vivo* tumors are limitations of the present research and therefore, a comprehensive analysis is required in the future.
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![Expression of LINC00958 is upregulated in CRC cell lines. (A) The expression of LINC00958 was examined in several CRC cell lines (GEO, SNU-C1, COLO205, HCT-116, HT-29 and SW480) using reverse transcription-quantitative PCR. The results were generated from three independent repeats (N=3). Data are expressed as mean ± standard deviation. Statistical comparisons were made by a two-tailed Student\'s t test. \*\*\*P\<0.001 vs. NCM460. (B) The expression of LINC00958 was determined using western blotting after transfection with shRNA-LINC00958-1 or shRNA-LINC00958-2. All experiments were repeated three times independently (N=3). Data are expressed as mean ± standard deviation. Statistical comparisons were made by a two-tailed Student\'s t test. \*\*P\<0.01, \*\*\*P\<0.001 vs. shRNA-NC. shRNA, short hairpin RNA; NC, negative control.](OR-44-04-1574-g00){#f1-or-44-04-1574}

![Downregulation of LINC00958 inhibits the proliferation of SW480 cells. Cell proliferation was detected using (A) Cell Counting Kit-8 assay and (B) EdU incorporation assay, respectively. All experiments were repeated three times independently (N=3). Data are expressed as mean ± standard deviation. Statistical comparisons were made by a two-tailed Student\'s t test. \*P\<0.05, \*\*P\<0.01, vs. shRNA-NC. EdU, 5-ethynyl-20-deoxyuridine; shRNA, short hairpin RNA; NC, negative control.](OR-44-04-1574-g01){#f2-or-44-04-1574}

![Downregulation of LINC00958 inhibits the invasion and migration of SW480 cells. (A) The invasive ability of SW480 cells was evaluated using a Transwell assay. (B) Relative number of invaded cells. (C) Migratory activity of SW480 cells was determined using a scratch wound healing assay. (D) Relative migratory rate of SW480 cells. The experiments were generated from three independent repeats (N=3). Data are expressed as mean ± standard deviation. Statistical comparisons were made by a two-tailed Student\'s t test. \*\*\*P\<0.001, vs. shRNA-NC. shRNA, short hairpin RNA; NC, negative control.](OR-44-04-1574-g02){#f3-or-44-04-1574}

![LINC00958 silencing promotes the apoptosis of SW480 cells. (A) Flow cytometry was used to measure the apoptotic rate of SW480 cells. (B) Cell apoptosis was quantified. (C) The expression of apoptosis-related proteins was detected using western blotting. All experiments were repeated three times independently (N=3). Data are expressed as mean ± standard deviation. Statistical comparisons were made by a two-tailed Student\'s t test. \*\*P\<0.01, \*\*\*P\<0.001 vs. shRNA-NC. shRNA, short hairpin RNA; NC, negative control.](OR-44-04-1574-g03){#f4-or-44-04-1574}

![miR-3619-5p is directly targeted by LINC00958. (A) Binding region between miR-3619-5p and LINC00958. (B) A luciferase reporter assay was performed to detect the relative luciferase activity. Each experiment was repeated three times independently (N=3). Data are expressed as mean ± standard deviation. Statistical comparisons were analyzed by a two-tailed Student\'s t test. \*\*P\<0.01 vs. 3′untranslated region-MUT. (C) The expression of miR-3619-5p was measured in several CRC cell lines (GEO, SNU-C1, COLO205, HCT-116, HT-29 and SW480) using RT-qPCR. The experiments were generated from three independent repeats (N=3). Data are expressed as mean ± standard deviation. Statistical comparisons were analyzed by a two-tailed Student\'s t test. \*\*P\<0.01, \*\*\*P\<0.001 vs. NCM460. (D) The expression of miR-3619-5p was detected using RT-qPCR after transfection with shRNA-LINC00958-1. Each experiment was repeated three times independently (N=3). Data are expressed as mean ± standard deviation. Statistical comparisons were analyzed by a two-tailed Student\'s t-test. \*\*\*P\<0.001 vs. shRNA-NC. shRNA, short hairpin RNA; NC, negative control; miR, microRNA; MUT, mutant; WT, wild-type; RT-qPCR, reverse transcription-quantitative PCR.](OR-44-04-1574-g04){#f5-or-44-04-1574}

![miR-3619-5p inhibitor reverses the inhibitory effects of LINC00958 silencing on proliferation of CRC cells. (A) The expression of miR-3619-5p was evaluated using reverse transcription-quantitative PCR after transfection with a miR-3619-5p inhibitor. The experiments were generated from three independent repeats (N=3). Data are expressed as mean ± standard deviation. Statistical comparisons were analyzed by a two-tailed Student\'s t test. \*\*\*P\<0.001 vs. miR-NC. Cell proliferation was detected using (B) Cell Counting Kit-8 assay and (C) EdU incorporation assay, respectively. Each experiment was repeated three times independently (N=3). Data are expressed as mean ± standard deviation. Statistical comparisons were analyzed by a one-way ANOVA followed by a post hoc Tukey\'s test. \*P\<0.05, \*\*P\<0.01 vs. shRNA-NC; ^\#^P\<0.05 vs. shRNA-LINC00958-1+miR-NC. EdU, 5-ethynyl-20-deoxyuridine; shRNA, short hairpin RNA; NC, negative control; miR, microRNA.](OR-44-04-1574-g05){#f6-or-44-04-1574}

![miR-3619-5p inhibitor reverses the inhibitory effects of LINC00958 silencing on invasion and migration of CRC cells. (A) The invasive ability of SW480 cells was detected using a Transwell assay. (B) Relative number of invaded cells. (C) Migratory activity of SW480 cells was determined using a scratch wound healing assay. (D) Relative migratory rate of SW480 cells. All experiment were repeated three times independently (N=3). Data are expressed as mean ± standard deviation. Statistical comparisons were made by a one-way ANOVA followed by a post hoc Tukey\'s test. \*P\<0.05, \*\*P\<0.01, \*\*\*P\<0.001. shRNA, short hairpin RNA; NC, negative control; miR, microRNA.](OR-44-04-1574-g06){#f7-or-44-04-1574}

![miR-3619-5p inhibitor reverses the effects of LINC00958 silencing on the apoptosis of CRC cells. (A) Flow cytometry was used to measure the apoptotic rate of SW480 cells. (B) Cell apoptosis was quantified. (C) The expression levels of apoptosis-related proteins were detected using western blotting. The experiments were generated from three independent repeats (N=3). Data are expressed as mean ± standard deviation. Statistical comparisons were made by a one-way ANOVA followed by a post hoc Tukey\'s test. \*P\<0.05, \*\*P\<0.01, \*\*\*P\<0.001. shRNA, short hairpin RNA; NC, negative control; miR, microRNA.](OR-44-04-1574-g07){#f8-or-44-04-1574}
